Silver has long been an important metal in commerce. It is valued for its resistance to corrosion and for its use in alloys, medicine and jewelry. 1 The recovery of silver from waste solutions has commercial importance, and improved methods for accomplaced this, are of interest. Recent information about the interaction of silver with essential nutrients, especially Se, Cu, vitamin E and vitamine B12, have focused attention on its potential toxicity. 2, 3 Improved means of lowering silver concentrations are needed, since the acceptable level, 10 ng/dm 3 , is exceeded in many culinary water supplies. The analysis of Ag + ions at low concentration in the presence of other cations at high concentration, requires very sensitive techniques.
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The most common methods for the determination of silver ion are flame and furnace atomic absorption spectrometry, 4 spectrophotometry, 5 stripping voltammetry and potentiometry. 6 Unfortunately, their sensitivity is usually insufficient for the low concentrations in environmental samples.
Consequently, a preconcentration and matrix elimination step is usually required. The most widely used techniques for the separation, preconcentration of trace amounts of silver are liquid-liquid extraction, 7 coprecipitation with tellurium, 8, 9 absorption of silver on powdered dithizone, 10 and rhodamine, 11 ion exchange resin, 12 fire assay with platinum metal in the presence of cuprous sulfide as collector 13 and solid phase extraction (SPE). 14 The solid-phase extraction techniques reduce solvent usage and exposure, disposal cost, and the extraction time for sample preparation. 15 Recently, octadecyl-bonded silica SPE disks have been utilized for the extraction and analysis of many different organic and environmental matrices. [16] [17] [18] [19] Moreover, SPE disks modified by suitable ligands have been successfully used for the separation and sensitive determination of metal ions. [20] [21] [22] There are several literature reports dealing with the preconcentration of silver ions based on SPE, most of which employ chelating groups bound to resins or other polymeric supports; these include 2-mercaptobenzothiazolyl on poly(acrylonitrile) fibers, diethyldithiocarbamate on activated carbon and sulfhydryl on cotton microcolumns. [23] [24] [25] However, to the best of our knowledge, there is only one report on the use of modified octadecylsilica membrane disks for the separation and preconcentration of Ag + with a detection limit of 50 ng/dm 3 . 14 In this work, a simple and reliable method for the rapid extraction and determination of ultra-trace amounts of Ag + ions using an octadecyl-bonded silica membrane disk modified with tetramethyl tetrathia fulvalen (TMTTF) and graphite furnace atomic absorption spectrometry is presented.
Experimental

Reagents
Acetic acid, nitric acid, sodium thiosulfate and high-purity of methanol (all from Merck) were used as received. Analyticalgrade silver nitrate and other salts (all from Merck) were of the highest purity available, and were dried in a vacuum over P2O5. A simple method for the rapid extraction and determination of ultra-trace amounts of Ag + ions using octadecyl-bonded silica membrane disks modified with a recently synthesized fulvalen (tetramethyltetrathiafulvalen) (TMTTF) and graphite furnace atomic absorption spectrometry is presented. The extraction efficiency and influence of the flow rate, pH, nature of the counter ion and type and the least amount of eluent for the stripping of Ag + from disks and breakthrough volume were evaluated. The maximum capacity of the membrane disks modified by 5 mg of TMTTF used was found to be 482 ± 6 µg Ag TMTTF was synthesized and purified as described elsewhere. 26 
Apparatus
The silver determination was carried out on a Perkin-Elmer 603 atomic absorption spectrometer with a hollow cathode lamp and a deuterium background corrector.
The GF-AAS determination of all other cations was performed under the recommended conditions for each metal.
Filter preparation
Extractions were performed with 47 × 0.5 mm (diameter × thickness) Empore membrane disks containing octadecylbonded silica (8-µm particles 60-Å pore size, 3M Co., Paul, MN) with the standard Millipore 47-mm filtration apparatus. In order to eliminate any small suspended particles, before extraction water samples were filtered through a 0.45 µm pore size nylon filter (Millipore). After each filtration the residue in the filter was washed with 10 cm 3 of deionized water. To remove any potential interferences and to ensure optimal extraction of the analyte of interest, disk cleaning and conditioning should be done before its use. Thus, after placing the membrane disk in the filtration apparatus, 10 cm 3 of methanol was poured onto the disk and immediately drawn through the disk by applying a slight vacuum. After all of the solvent had passed through the disk, it was dried by passing air through it for a few minutes. Finally, a solution of 5 mg of TMTTF dissolved in 5 cm 3 of acetonitrile was introduced onto the disk so that the solution was spread on the whole disk surface. The solution was allowed to penetrate inside the membrane completely without applying any vacuum. After about 1 min, the filtration funnel containing the modified disk was transferred into an oven and the solvent was completely evaporated at 60˚C. The membrane disk modified by TMTTF was then ready for sample extraction.
Extraction, elution and determination of sample
The general procedure for the extraction of Ag + ions on a membrane disk was as follows. The modified disk was first washed with 10 cm 3 of methanol for preconditioning. Immediately, a low vacuum was applied and the solvent was drawn through the disk until the solvent surface almost reached the surface of the disk. The disk should not be allowed to soak without a vacuum, and air should not be allowed to make contact with the surface of the disk. It is preferable to leave extra methanol above the disk rather than to allow any air to make contact with the surface of the disk. At this point, 500 ml of the sample solution containing 1.0 µg Ag + was passed through the membrane, at a suitable flow rate. As a result, silver ions were retained on the disk. The recovery of extracted Ag + ions was performed using 20 cm 3 of 2.0 M sodium thiosulfate, which was pushed through the disk with a suitable flow rate. Fractions were collected and the silver concentration was determined by graphite furnace atomic absorption spectrometry.
The same procedure was carried out for 500 ml of a sample solution containing 1.0 µg Ag + and 0.005 mol of different counter ions.
Results and Discussion
Tetramethyl tetrathia fulvalen with four donating sulfur atoms in its structure is insoluble in water at various pH. The conductometric studies in acetonitrile revealed that it can use for a fairly stable and selective 1:1 complex with Ag + ion. Thus, we decided to examine the capability of TMTTF as a suitable reagent for the preconcentration and separation of Ag + ions via solid-phase extraction by using octadecyl-bonded silica membrane disks.
Some preliminary experiments were carried out in order to investigate the quantitative retention of Ag + ions by an octadecyl silica membrane disk in the absence and presence of TMTTF. It was found that those disks modified with 5 mg of the TMTTF are capable to quantitatively retain Ag + ions from solutions, while the bare membrane disk can not retain cations.
Choice of eluent
In order to choose a proper eluent for the retained Ag + ions after the extraction of 1.0 µg of silver in a 500 cm 3 solution by the modified disks, the silver ions were stripped with varying volumes of different concentrations of various acids and sodium thiosulfate (Table 1) . From the data given in Table 1 , it is immediately obvious that among the three different eluents used, 20 cm 3 of 2.0 M sodium thiosulfate could accomplish the quantitative elution of silver from the membrane disk, while all other eluents used were ineffective for the complete elution of silver.
Effect of the amount of TMTTF and the nature of counter anions
In order to investigate the optimum amount of TMTTF on the quantitative extraction of silver by the membrane disk, silverion extraction was conducted by varying the amounts of TMTTF from 0 to 15 mg (Fig. 1) of silver is quantitative at about 5.0 mg of TMTTF. In real samples, there are different anions that may be affected by the extraction and recovery of cations from the solution. In solid-phase extraction by using a neutral ligand, the cation forms a charged complex. This charged complex forms an ionpair with the counter ion present in the solution. The extraction efficiency of the cation depends on the solubility of the ion-pair. Thus, different anions may be affected by the extraction and recovery of cations from the solution. In this work, we investigated the influence of some counter anions, such as acetate, nitrate, nitrite, perchlorate and dihydrogen phosphate, on the extraction and recovery of Ag + ions. It was found that the extraction and recovery of silver from the solution containing these anions is quantitative. This is most probably indicative of a strong interaction of Ag + ions with TMTTF and high lipophilicity of the ligand.
Flow rate and effect of pH
The influence of the flow rates of the sample and stripping solution from a modified membrane disk on the retention and recovery of silver ion was investigated. It was found that, in the range of 1 -20 cm 3 min -1 , the retention of silver by the membrane disk was not considerably affected by the sample solution flow rate. Similar results for the extraction of organic 18, 26 and inorganic materials [19] [20] [21] [22] by octadecyl silica disks have already been reported in the literature. On the other hand, the quantitative analysis of Ag + ions from modified membrane disks was achieved in a flow rate range of 1 -10 cm 3 , using 20 cm 3 of 2.0 M sodium thiosulfate as a stripping solution. At higher flow rates, a large volume of 2.0 M sodium thiosulfate was necessary for the quantitative stripping of Ag + ions. Hence, subsequent extraction experiments were carried out with 5.0 mg of TMTTF.
The influence of the pH of aqueous samples on the recovery of 1.0 µg of Ag + from 500 cm 3 solution was studied in the 2.0 -8.0 pH range. The pH was adjusted by using 0.05 M of either nitric acid or sodium hydroxide solutions. The obtained results indicated that the Ag + ion could be retained quantitatively by the modified membrane disk throughout the entire pH range studied. Higher pH values (>8.0) were not tested because of the possibility of the hydrolysis of octadecyl silica in the disks.
Analytical performance
The breakthrough volume of the sample solution was tested by dissolving 1.0 µg of silver in 500, 1000, 1500, 2000, 2500 and 3000 cm 3 of water and the recommended procedure was followed. In all cases, the extraction by a modified membrane disk was found to be quantitative. Thus, the breakthrough volume for the method should be greater than 3000 cm 3 . The limit of detection (LOD) of the proposed method for the determination of silver was studied under the optimal experimental conditions. The LOD obtained from CLOD = Kb·Sb m -1 27,28 for a numerical factor Kb = 3, is 1.0 ng/dm 3 .
The maximum capacity of the modified disks (5 mg of TMTTF) was determined by passing 500 cm 3 -portions of an aqueous solution containing 4000 µg of silver, followed by a GF-AAS determination of the retained cation. The maximum capacity of the disk obtained from three replicate measurements was 482 ± 6 µg of silver on the disk.
The influence of several cations on the SPE and the determination of silver ion (1.0 µg of silver in 500 cm 3 solution) was studied. A relative error of twice the standard deviation of measurement (i.e., 3% concentration) was considered to be tolerable. The results are summarized in Table 2 . Most of the cations examined did not interfere with the extraction and determination of silver, and many of them were tolerated at very high levels. In order to assess the applicability of the method to real samples with different matrices containing varying amounts of a variety of diverse ions, it was applied to the separation and recovery of silver ions from three synthetic samples as well as two different water samples. Table 3 shows the extraction of 1.0 µg of added silver ions to 500 cm 3 samples. As can be seen, the results of three analyses of each sample show that the silver recovery was quantitative. Table 4 shows the concentrations of silver at two stations on the Sarcheshmeh river (Kerman, Iran). As can be seen, the results obtained by the proposed method and inductive coupled plasma atomic emission spectrometry (ICP-AES) are in satisfactory agreement.
